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An electronic display is disclosed and includes 


contains a matrix of particles (15) that emit visible light 



a radiation source (14) and a layer (13). The layer (13) 



to illuminate the display in response to operation of the 
radiation source (14). 
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Description 

[0001 ] The present invention relates to electronic dis- 
plays such as liquid crystal displays (LCDs) and more 
specifically to thin film LCDs. It also relates to other 
types of electronic display technologies Including adver- 
tising boards, some electrochromic displays and sus- 
pended particle displays. The invention also relates to 
a mobile telecommunications device, such as a mobile 
telephone, Incorporating an electronic display. 
[0002] LCDs are well known and generally comprise 
a digital or alphanumeric display consisting of liquid 
crystal material sealed between two substrate sheets of 
plastic or glass. A thin transparent film of conductive ma- 
terial such as a transparent metal oxide film is applied 
to the surface of each substrate facing the liquid crystal 
material and the conductive film on one sheet is etched 
into character forming segments, each having electrical 
leads extending towards the edge of the sheet for con- 
nection to driving circuitry which controls the voltage ap- 
plied to various areas of the display, and a power supply 
such as a battery. A polarising filter sandwiched be- 
tween two transparent supporting layers is also dis- 
posed on the outer surface of each substrate sheet with 
their planes of polarisation oriented at right angles to 
each other. 

[0003] The most common LCD is called a twisted 
nematic (TN) display. Another type of LCD is called a 
super twisted nematic (STN) display. Both types employ 
a nematic liquid crystal. A polymer alignment layer is ap- 
plied to the conductive film on each substrate facing the 
nematic liquid crystal and is rubbed to create a series of 
parallel microscopic grooves In the surface of the film 
which are oriented in the same direction as the plane of 
polarisation of the polarising filter disposed on each sub- 
strate. These grooves ensure that the first layer of mol- 
ecules of the liquid crystal are aligned with their longitu- 
dinal axes parallel to the grooves. Each successive lay- 
er of molecules gradually twists until the furthest layer 
is at an angle (90 degrees in a twisted nematic display) 
to the first layer and so that the outermost molecules 
contacting each substrate are matched with the plane 
of polarisation of the polarisation filters on that sub- 
strate. The LCD normally also has a reflector on Its back 
surface. 

[0004] When there Is no voltage applied between the 
conductive films, light striking one of the polarisation fil- 
ters is polarised. The first layer of molecules then guides 
the light they receive to the next layer. When the polar- 
ised light reaches the end of the liquid crystal, it has 
been guided through an angle of 90 degrees and now 
passes through the second polarising filter and is sub- 
sequently reflected back off the reflector placed behind 
it. The reflected light is guided back through the crystal 
along the same path and emerges in the same place 
that it struck the polarisation filter. When an electric 
charge is applied to a region of the liquid crystal mole- 
cules, the orderly twisted arrangement of the molecules 



in that region is disrupted and the molecules untwist. 
This changes the angle of the light passing through them 
so that it no longer matches the angle of the polarising 
filter preventing the light from passing back out of that 

5 region of the LCD, making It darkerthan the surrounding 
areas. The region to which a voltage is applied is nor- 
mally one or more of the character forming segments. 
By applying current to different character forming seg- 
ments simultaneously, a recognisable character or nu- 

10 meral can be generated. 

[0005] The polarising filter is formed from a chemical 
compound composed of molecules that naturally align 
in parallel relation to one another so that they create a 
microscopic filter that blocks any light not matching their 

15 alignment The light passing through the polarising filter 
between the supporting layers Is thereby polarised. 
[0006] It is known to provide an electronic display with 
a backlight to enable the display to be read in darkness 
or in low light conditions. In a conventional electronic 

20 display, the backlight comprises a radiation source in the 
form of one or more light emitting diodes (LEDs) posi- 
tioned around the perimeter of the display which shines 
light through the various layers of the display thereby 
Illuminating it. 

25 [0007] A problem with the backlight is that the back- 
lighting is not particulariy unifonn. For instance, when 
LEDs are positioned around the edge of the display, the 
light has a greater intensity close to each LED which 
reduces with distance. This results in the generation of 

30 "hot-spots" of light sun-ounding each LED and the centre 
of the elecronic display being darkerthan a region closer 
to its edge. Attempts have been made to solve this prob- 
lem using an electroluminescent backlight in which a 
electroluminescent layer is disposed between the re- 

35 fleeter and the liquid crystal layer. When an electric cur- 
rent is passed through the layer it glows to illuminate the 
display. However, this type of backlight makes the dis- 
play much more expensive and they also generate sub- 
stantial electrical interference so are not suitable for use 

40 in mobile telecommunications devices. 

[0008] An exploded view of the main components of 
a prior art LCD 1 is illustrated in Figure 1 and it will be 
seen that it comprises an active layer comprising a liquid 
crystal layer 2 sandwiched between a pair of plastic op- 

45 tically non-birefringent front and rear substrate layers 
3a, 3b. A thin transparent film 4 of conductive material 
is applied to the back surface of front substrate layer 3a 
facing the liquid crystal layer 2 which is then etched to 
form character segments (not shown). A second trans- 

50 parent conductive film 6 is applied to the surface of the 
rear substrate 3b facing the liquid crystal layer 2. Each 
film 4,6 is treated with a polymer alignment layer (not 
shown) which is rubbed to fomn a series of parallel mi- 
croscopic grooves. A polarising filter 7,8 is then posi- 
es tioned over each of the plastic substrate layers 3a, 3b 
with their planes of polarisation oriented at right angles 
to each other and so that the plane of polarisation of 
each filter corresponds to the grooves formed in its ad- 
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jacent substrate. A pair of supporting layers 11a, lib 
sandwich each polarising filter 7,8. 
[0009] A reflective layer 9 Is also located on the back 
of the LCD behind polarising filter 8 and the back light 
comprises a plurality of LEDs 12 positioned around the 
perimeter of the LCD (only three of which are shown in 
Figure 1 ). 

[0010] The thickness of the LCD may be approximate- 
ly 0.726mm. The liquid crystal layer 2 may be in the re- 
gion of 0.006mm thick, and the plastic substrate 3a,3b 
on either side of it may be in the region of 0.1mm thick. 
Each polarising filter 7,8 and the two supporting layers 
11a, lib have a total thickness In the region of 0.26mm, 
each filter alone being approximately 0.1mm thick and 
each supporting layer 11a, lib being 0.08mm thick. 
[0011] The present invention seeks to provide an 
electronic display having an improved back light which 
overcomes or substantially alleviates the aforemen- 
tioned disadvantages. 

[0012] According to the present invention, there is 
provided an electronic display including a radiation 
source and a layer associated with the radiation source, 
wherein the layer contains a matrix of particles that emit 
visible light to illuminate the display in response to op- 
eration of the radiation source. This an-angement is ad- 
vantageous as it produces a more uniform lighting effect 
which is relatively low in cost as no specialised tooling 
or moulding processes are needed in the manufacture 
of the electronic display. 

[0013] In a preferred embodiment, the radiation 
source emits invisible light. Conveniently, the Invisible 
light may be ultra-violet light. 

[001 4] The layer preferably contains a matrix of phos- 
phor or fluorescent particles. 

[0015] In one embodiment, the radiation source is pla- 
nar. 

[0016] Preferably, the particles are uniformly distrib- 
uted throughout the layer to provide a back light effect 

of uniform intensity. 

[0017] In another embodiment, the radiation source is 
disposed adjacent to the layer and may comprise a plu- 
rality of point-like radiation sources. 
[0018] In this embodiment, the particles are prefera- 
bly distributed in a non-uniform matrix throughout the 
layer to provide a back light effect of uniform intensity. 
[001 9] I n one embodiment the particles are of a single 
colour. Alternatively, they may be of different colours. 
[0020] Preferably, a reflector is disposed on the rear 
surface of the layer. 

[0021 ] The present invention also includes a telecom- 
munications device, such as a mobile telephone, incor- 
porating the electronic display according to the Inven- 
tion. 

[0022] The electronic display of the invention is pref- 
erably a liquid crystal display of the twisted nematic or 
super twisted nematic types. Alternatively, the electronic 
display may be an electrochromic display, a suspended 
particle display or an advertising board. 



[0023] Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying drawings, in which:- 

5 Figure 1 shows a prior art LCD; 

Figure 2 shows an LCD according to the invention; 
Figure 3 shows a mobile telephone incorporating 
the electronic display shown in Figure 2. 

[0024] The prior art LCD has already been described 
above. Referring now to Figure 2, there is shown an LCD 
according to an embodiment of the present invention 
which is similar to the prior art LCD except that a light 
guide 1 3 or layer associated with the radiation source 
has been interposed between the reflector 9 and the po- 
larising filters and the radiation source is now an ultra- 
violet lamp 14 rather than a plurality of LEDs. In the 
present embodiment, the ultra-violet lamp is cylindrical 
in shape and extends along an edge of the LCD. Only 
one lamp 1 4 is illustrated in the drawing. However, it will 
be appreciated that more than one lamp 14 may be po- 
sitioned around the circumference of the LCD. Further- 
more, the lamps 14 can have a different shape. For ex- 
ample, point UV light sources could be used or a planar 
light source could be located behind the light guide 13 
and in front of the reflector 9. 

[0025] The light guide 13 is transparent and contains 
a sparse matrix of ultra-violet to visible light phosphor 
particles 15. When the UV light source is activated, the 
UV light excites the phosphor particles 15 which emit 
visible light. The reflector 9 behind the light guide 1 3 in- 
creases the efficiency of the resulting ittumlnatlon and 
is required for transmissive displays. It can also be po- 
sitioned between the polarising filter 8 and the light 
guide 13. 

[0026] The phosphor particles 15 can be of a single 
colour where monochrome back lights are required. Al- 
ternatively, the particles can be formed from multiple 
phosphors of different colours where multicoloured or 
white back lights are required. 

[0027] When point-like, cylindrical or other shaped 
light sources surrounding the edge of the LCD are used, 
the distribution of phosphor particles In the light guide 
is controlled so as to provide a uniform back lighting ef- 
fect. However, when a planar UV light source is used, 
the phosphor particles are uniformly and sparsely dis- 
tributed throughout the light guide. 
[0028] Examples of the fluorescent or phosphores- 
cent particles are Zinc sulphide (ZnS) with a dopant 
such as silver (Ag), Copper (Cu), CuAuAl or CaAg. The 
radiation source can be InGaN LEDs powered by a low 
(~10mW) DC source or AC miniature fluorescent tubes. 
[0029] A mobile telephone Incorporating the electron- 
ic display of the invention is illustrated in Figure 3. The 
telephone 18 has a front and rear face 19,20. The front 
face 1 9 Is provided with a user interface having a keypad 
21 , a display 22 formed from the electronic display 1 of 
the Invention, an ear piece 23, a microphone 24 and an 
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on/off key 25. The telephone 18 may be adapted for 
communication via a wireless telecommunications net- 
work, e.g. a cellular network. However, the telephone 
18 could also be designed for a cordless network. The 
keypad 21 has a first group of keys which are alphanu- 
meric and by means of which a user can enter a tele- 
phone number, write a text message (SMS) or write a 
name associated with a particular number, etc. 
[0030] The keypad 21 additionally includes two soft 
keys 26, the functionality of which depends on the state 
of the telephone and the navigation in the menu by 
means of a navigation key 27, and two call handling keys 
28, which can be used for establishing a call or a con- 
ference call, tennmating a call or rejecting an incoming 
call. 

[0031] Many modifications and variations of the in- 
vention falling within the terms of the following claims 
will be apparent to those skilled in the art and the fore- 
going description should be regarded as a description 
of the preferred embodiments only. For example, the 
electronic display of the invention may be installed In 
apparatus otherthan a mobile telephone, such as a per- 
sonal digital assistant (PDA). 



Claims 

1. An electronic display including a radiation source 
and a layer associated with the radiation source, 
wherein the layer contains a matrix of particles that 
emit visible light to illuminate the display In re- 
sponse to operation of the radiation source. 

2. An electronic display according to claim 1 , wherein 
the radiation source emits invisible light. 



9. An electronic display according to claim 8, wherein 
the radiation source comprises a plurality of point- 
like light sources. 

5 10. A electronic display according to claim 8 or 9, 
wherein the particles are distributed in a non-uni- 
form matrix throughout the layer to provide a back 
light effect of uniform intensity. 

10 11. An electronic display according to any preceding 
claim, wherein the particles are of a single colour. 

12. An electronic display according to any of claims 1 
to 1 0, wherein the particles are of different colours. 

15 

13. An electronic display according to any preceding 
claim, wherein a reflector Is disposed on the layer. 

14. An electronic display according to any preceding 
claim, comprising a liquid crystal display. 

15. A telecommunications device incorporating the 
electronic display according to any of claims 1 to 1 4. 

25 16. A telecommunications device according to claim 
15, comprising a mobile telephone. 
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3. An electronic display according to claim 2, wherein 
the radiation source emits ultra-violet light. 

4. An electronic display according to any preceding 
claim, wherein the layer contains a matrix of phos- 
phor particles. 



40 



An electronic display according to any of claims 1 
to 3. wherein the layer contains a matrix of fluores- 
cent particles. 



45 



7. 



8. 



An electronic display according to any preceding 
claim, wherein the radiation source Is planar. 

An electronic display according to claim 5, wherein 
the particles are uniformly distributed throughout 
the layer to provide a back light effect of unifomi 
intensity. 

An electronic display according to any of claims 1 
to 5, wherein the radiation source is disposed adja- 
cent to the layer. 
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